ABSTRACT
1.INTRODUCTION
A good planner should design distribution network that covers the future extension loads and contingency conditions for the coming years .i.e. the correct design should present applicable solutions for the most problems that the electrical power system suffer from them technically and commercially . Some of these problems are steady state voltage quality and power loss due to both active and reactive components of the AC currents. DG units with different technologies proved to be able to contribute effectively to solve these problems. The distinguishing feature is not whether these devices Generate power with fossil fuels or environmentally Friendly technologies, but that they are dispersed across the utility's electric network rather than concentrated in a distant location and connected to the load centres with transmission lines. DG units are usually small enough to be added in increments that better match the rate of load growth characteristic of today's industry. This paper introduces a study of improving voltage profile and reducing power losses by presenting four scenarios. Firstly , shunt capacitor banks as an example of the most applicable voltage regulation devices are probably located using the sensitive node method [1] , secondly DG units will be dispersed on some nodes at certain penetration level using the proposed method .Thirdly ,verifying the proposed Method by locating DG units with different ratings other than those of the second scenario and different dispersion ratio but at the same penetration level . Finally the system under study is considered to have existing capacitor banks in order to avoid over compensation or reversal of power flow.
2.VOLTAGE CONTROL AND REACTIVE POWER MANAGEMENT

2.1Reactive Power
Reactive power is a concept associated with oscillating exchange of energy stored in capacitive and inductive components in a power system. Reactive power is produced in capacitive components (e.g. capacitors, cables) and consumed in inductive components (e.g. transformers, motors, fluorescent tubes) [2] .i.e. Reactive power can be produced and absorbed by both generation and transmission equipment.
In an alternating-current (AC) power system, voltage is controlled by managing production and absorption of reactive power. There are three reasons why it is necessary to manage reactive power and control voltage [3] . First, both customer and power-system equipment are designed to operate within a range of voltages, usually within ±5% of the nominal voltage. At low voltages, many types of equipment perform poorly; light bulbs provide less illumination, induction motors can overheat and be damaged, and some electronic equipment will not operate at all. High voltages can damage equipment and shorten their lifetimes. Second, reactive power consumes transmission and generation resources. To maximize the amount of real power that can be transferred across a congested transmission interface, reactive-power flows must be minimized. Similarly, reactive-power production can limit a generator's real-power capability. Third, moving reactive power on the transmission system incurs real-power losses. Both capacity and energy must be supplied to replace these losses. Voltage control is affected by using special devices dispersed through the system . A brief review of the network components from the viewpoint of the reactive power is:
• Synchronous generators generate or absorb reactive power .
• Shunt capacitors generate reactive power.
• Shunt reactors absorb reactive power.
• Over head lines generate or absorb reactive power depending on the actual load .
• Underground cables generate reactive power .
• Transformers absorb reactive power.
• Load normally absorb reactive power. 
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POWER SYSTEM LOSSES [ 5],[6]
A correct calculation of transmission and distribution (T&D) losses is very important for both utility and customers to determine the electricity tariff of a utility by the commission and to recognize the classes of customers. T&D losses have been increased due to many reasons .The goal of this section is to study how to mitigate the margin of power system losses by using DG units and capacitor banks . The planners of the electric grids must take in their consideration T& D losses of the power system losses , so they shall offer another resources to compensate active and reactive losses and to insure that all the existing loads have been covered at all the durations of the operation of including the peak time .
The Transmission-Loss Equation
The system losses can be expressed as
where P L is the real power loss, P gi is the real power generated at the ith bus, P di is the real power required at the ith bus.
The term PL in this equation is evidently the total I 2 R loss in the transmission lines and transformers of the network. The individual currents in the various transmission lines of the network cannot be calculated until after the voltage magnitude and angle are known at every bus of the system. Therefore, PL is initially unknown and it is not possible to prespecify all the quantities in the summations of Eq. (1). In the formulation of the power-flow problem we choose one bus, the slack bus, at which Pg is not scheduled or otherwise prespecified. After the power-flow problem has been solved, the difference (slack) between the total specified P going into the system at all the other buses and the total output P plus I 2 R losses are assigned to the slack bus. For this reason a generator bus must be selected as the slack bus [5] . The difference between the total megavars supplied by the generators at the buses and the megavars received by the loads is given by
This equation is satisfied on an individual bus basis by satisfying Eq. (2) at each bus (i) in the course of solving the power-flow problem. Thus, the quantity on the left-hand side of Eq. (2) accounts for the combined megavars associated with line charging, shunt capacitors and reactors installed at the buses, and the so-called I 2 X loss in the series reactances of the transmission lines. Alternatively, an established method using the B-loss coefficients, based on an approximation for the line losses, is commonly employed by the power utility industry. The losses are expressed as a quadratic function, near some base case, of the generator bus powers. This is expressed as:
where P i is the real power at the ith bus, ij B is the nxn matrix of quadratic loss coefficients, B i0 is the dimensionless vector of linear loss coefficients, and B 00 is the constant loss coefficient. Unfortunately the B matrix is not generally available in all utilities specially the small ones . Therefore The losses in (3) may be difficult to evaluate analytically. Where [B] is a square symmetric matrix depending on the base case load flow (specifically, voltage profile, distribution of load and the complex power at each generator bus [6] .The coefficients may be obtained by linearizing the power flow equations around the operating point. They are exact only for the specific load and operating conditions for which the loss coefficients are derived. B s are generally considered to be reasonably constant for small generator bus power variations, as long as the load bus voltage magnitude and plant power factor are maintained constant [6] . Therefore, if wide shifts in load are not under study and average operating conditions are generally present, then reasonably accurate real power losses can be calculated from B. It is worth mentioning that, the advanced simulation softwares such as the EDSA 2.9 power system analysis software program can be employed to calculate both active and reactive losses [7] .
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1Level Of T& D Losses
According to a study carried out by Electric Power Research Institute (EPRI) of the USA, some time the losses In various elements of the T & D system usually are of the order as indicated below [8] :
Power Losses (%) System element Minimum Maximum
Step 
SENSITIVE NODE METHOD
The sensitive node method [1] is used to determine both the optimal location and size of compensation capacitors on the distribution system, in order to minimize the power loss .In this method the section of the distribution system having maximum loss is determined. Then the node having the largest reactive load and is fed by this maximum lossy section is identified to be the sensitive node. This node has the largest impact on the total network loss when fed via a compensating capacitor. Then the capacitor size is obtained based on either differentiation or by selecting the closest standard capacitor size assigned by the utility. Using the previous technique, it can be concluded that the capacitors should be connected only to the sensitive nodes, which are few in number compared with all system nodes. As a result large reduction of losses can arise due to the reduction of reactive power component.
5.PRPOSED METHOD
The proposed method in this paper is similar to the sensitive node method except that this method is based on locating DG units on the nodes having the largest losses due to both active and reactive components , because DG units supply active and reactive power . While the sensitive node method is based on the losses due to reactive component of the current because the capacitor banks supply only the reactive power. This method is based on performing the calculation under peak load condition to achieve maximum reduction in power losses under the heavily feeder loading.
6.SIMULATION STUDIES
In this section the results obtained in the analysis of the impact of distributed generation (DG) on power system losses and voltage regulation will be given. The analysis and simulation are applied to a part of the Unified Egyptian Grid. Different scenarios of placing DG units are simulated using EDSA 2.9 power system analysis software program.
The simulation is performed under full load condition. The loads are represented as PQ buses while the DG s as PV buses . The presented system is a rural system existing at Upper Egypt, 11KV, 78 sections, 79 nodes and a total load of 22.8 MVA. System configuration is shown in FIG (1) . The length between the substation and main feeder is 9 KM. Three scenarios have been studied to improve the system steady state voltage regulation to meet the standard limits and to reduce the power losses and raise the efficiency of the system under study.
Fig1.S.L.D of the system understudy
Scenario (A)
From the study case without any regulating system, and applying sensitive node method, it is concluded that the best locations for the capacitor banks should be at the following nodes (14, 23, 12, 8, 2, 16, 6 , 37, 25, 11, 10, 68, and 35). The real system losses have been reduced from 1674 KW to 1013 KW by a percentage of 38.5%and the reactive losses will be reduced from 2603 KVAR to 1613 KVAR by a percentage of 38% . Fig. (2) shows the effect of adding thirteen capacitor banks, each of 1200KVAR at the thirteen sensitive nodes on reducing active and reactive power losses. Fig (3) shows the voltage profile for the system with and without capacitor banks. It can be noticed that adding capacitor banks using the sensitive node method succeeded
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in maintaining all points of the system voltage profile at accepted limits (ANSI C48.1 [9] ). 
Scenario (B)
The second scenario is to locate DG units (1MW) each at the sections suffering from the largest losses. In this scenario the penetration level of DG units and its effect on the system losses and the voltage profile have been studied. Where the penetration level [10] is defined as the ratio of the sum of the DG output rating for all DG s on the feeder to the base feeder peak load. In this case, the penetration level is taken to be 17.5%. This level reduces the real power system losses from 1647 KW to 739KW by a percentage 55.1% and reduces the reactive losses from 2603 KVAR to 1178KVAR by a percentage 54.7%.DG units have being added at the following buses based on the proposed method (14,35,12 and 8). The DG dispersion ratio [10] is defined, as the number of nodes at which there is DG and the number of nodes at which consumption exists. In this case, the dispersion ratio of DG s is 6%.This scenario succeeded in improving the voltage profile of the study system and meet the standard ANSI C48.1 limits .
Scenario (C)
This Scenario is similar to scenario B except the DG units ratings are 0.5 MW instead of 1MW .
By applying the proposed method , DG units have being added at the following buses (14,35,12 ,16,2,3,8and 25) .
In this case, the dispersion ratio of DG s is 12%. The penetration level of DG units at this scenario is as the second scenario , which is 17.5%. Fig (3) shows the voltage profile for the system with and without DG units. It can be noticed that adding DG units using the proposed method have achieved a great success in maintaining all points of the system voltage profile at accepted limits (ANSI C48.1). So this Scenario proves that a proposed method is an efficient method in achieving a considerable reduction in power system loses and improving the voltage profile to accepted limit. Fig.(4) and Fig.(5) show that Scenario B and Scenario C have succeeded in reducing active and reactive losses by the same percentages under the same penetration level with different ratings and different dispersion ratios. This result is expected because the ability of varying the amount of Q (VARS) of each DG unit to give the best considerable reduction in power system losses and improving the voltage profile. 
Scenario(D)
Considering that the system has existing capacitor banks placed at the weakest seven points on the system voltage (6) indicate that sufficient dispersion of DG units with the existing capacitor banks on the study system lead to a perfect improvement in the system voltage regulation. Fig (7) illustrates that adding DG units at different penetration level to the system with existing capacitor banks reduces the losses by different percentages. In this case, the penetration level is taken to be 22% ; this level reduces the system losses from 1105 KW to 536 KW by a percentage 51.5%. The dispersion ratio of DG units at this scenario is 8%. This scenario can be applied to refurbishing the system already equipped with capacitor banks. 
7-CONCLUSION
The main objective of this paper is to investigate the effectiveness of dispersed generation on improving power system efficiency and voltage regulation .The following main conclusions are obtained .
The proposed method of positioning DG units is essential for achieving considerable reduction in feeder losses and improvement in system voltage regulation. Also DG units have the ability to finely adjust the var levels where capacitors provide relatively coarse adjustment.
The major difference between adding capacitor banks and DG units for loss reduction is that the DG units can impact both the real and reactive power flow, while capacitors impact only the reactive power flow. Because of this, it is preferred to simulate the DG units as PV busses, so as to allow both active and reactive power control.
DG units inject vars like capacitors. So in case of existing capacitor banks on certain feeders, DG units must be sufficiently dispersed to avoid voltage rise at the points which are nearby to the upper ANSI limit before the DG starts, otherwise a high voltage problem may be created.
The reduction of the system losses and improving its voltage regulation depend on the penetration level of DG units. The Simulation represented in this paper is done under full load condition, So high penetration of DG units have a positive impact on reducing the losses and voltage regulation, while at light load condition a high penetration level of DG units may cause a reversal of power flow .
